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Abstract 

TORTIS is a system of special terminals together with software which 
is designed to provide programming capability and be aecesiblc for use 
by very young children. The system is designed to add capabilities 
in small increments so that the child is never overwhelmed by too much 
to learn at one time, and maintains a feeling of control over the 
environment. This systme facilitates learning of various concepts such 
aa relative size of numbers, frames of reference, procedures, condition 
dls, and recursion, but more importantly it teaches good problem 
solving techniques and a healthy approach to learning. 


The work reported in this paper was supported by the National Science Foundation 
under grant number EC4070Bit And conducted at the Artificial Intelligence Laboratory 
Massachusetts Institute of Technology, Cambridge, Massachusetts-. 

The views and conclusions contained in this paper arc those of the author and 
should not be interpreted as necessarily representing the official policies either 
expressed or implied Of the Sflitonal Science Foundation or the United States 
Government. 
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Introduction 

After watchanE children learning, to communicate with computers, I b-ecoma convinced 
□f the value of I ha cxpe riant* for the chitd, But I also nOtked Ihot for many children, I he 
initial hurdle Df typing On a conventional keyboard was very discouraging, I dacidad. to 
design a new way of interacting with Che computer that* although it would nit provide the 
generality of a (nil computer language,, would provide 3 rich introduction to motivate the 
children to overcome She typing hurdle,, and make many of the advantages provided by the 
learning, of full cOmpufar languages accessible to children as young as three or four years, 

The T0RT15 system consist* of two parts. The first part, the Bkitton Box, consists Of 
tour button boxes, which plug into one another. Each button represents a command. The 
second part, the Sfot MKtlFhs, Waists of several (Dog rectangular plexiglass < ci,ch of 
■which represents 0 procedure) with slols Irt the lop for the User to place cards (which 
represent commands}. 

in a system designed for young children it is important Ih-at it be simple, since 

A V"" 

Children get discouraged quickly if something seeas too confusing Or difflCMU- IF it is too 

SitnpEe, however, it will run Out 03 capabilities, bore the child, and have only limited 

educational Value, The TORT 15 system deals with this issue by growing with the child, The 

/ 

system is designed modulsHy, so that the child slarfa out learning a simple subset oF the 
commands and more can be added without disturbing the par! o( I he environment that the 
chitd feels comfortable with. More commands are added by plowing a new button box with 
a few buttons into the Set &F button bancs tha thiLd is already Familiar with (if the child is 
playing with the button box pftrt of the system) W by fiivmg the child more cards {if bn is 
playing with the Slot Machinal This way the child r*3lty his o failing Ot control over The 
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environment sines ,1 he gsls Ovarwhelnwd by lhe „ e w par , 5y stom, he „„ ^ ' 

the Of tending bee or remove lhe new herds, physically remove th .„ from ^ 
conoentrele ,or a while on lhe perl el .he sysla,„ h Knows, LsI „, h ^ ^ 

Bdv&rvturmifc he tan retrpsve Eha nfrwesf part or 3 ho ayiton*. 

While opward compatibility fe en imporlan! per, el lhe system. (because the child 
teele cnmlertable If he Knows ihat ft. par , el ,he system he undc-siand, Mil, worhs ,he 
dene way he is used toi , harB I, , trad^lf between upward compatibility end idee, 
hehevier el the system a, difleren, sieges. The TDRTES system ie. tor this reason, no, 
cosrplelely upward compatible. The most obvious transition pein, fc Ircm ,„e Bo„p„ Ben 
the Slot He thine, where everything themes, but there is , cni „ Incompatibility between 
hew the But,on Be, system behaves with lhe mos, advanced edd^n be,, end without it. , 
lel, this we, necessary and no, overly traumatic lor the child, especially b«.us, the lirsl 
time lhe envirenmenl ts disrupted by changing ,, 5 behavior, the child is a, reedy adepl a. 
and comfortable wfth ths s/ste^L 


ueve 


Another design Issue is how easy (he system shpujd may, i, (or ltl? cW 
interesting ellecls, II it is to, hard, lhe child will become bored with doing rather mundane 
projects end will become discooraged il he tries anything harder. I, i, is too easy to puichly 
achieve spectacular resuite. the system »i„ become -magic- w hece .he chiid to,lows a rota 
procedure he dees no, undoes,and, he will ns, ceally leel in cnnbol », the environment, end 
he will not learn as much since he will no, have to , hjnk . MHl , hs Bu , f0r ^ ^ ^ 
children pulchiy ioecn the torchon ol csch bulton, bo, i, is , lillte tM h , rd for 1hen> ^ 
anything complicatod. This is no, a serious problem store they graduate to ,he Sl p, 
Machine before they become bored wilh simple projects. With the Slot Machine it is, I, 
any tiling, too easy lor the child to act,, eve spectacle, reset!*, 


PAGE B 


Why Stolid Children COmmUrticate Wilh a Gonsp uter? 

To begin with,, it is (un. A Computer E* a toy that never runs Out of capabilities, the 
child's first experience with the system involve* Silking to tha "turtle’, a S-nutfl {12 inch 
diamfrter) circular compute r-conl railed ra’bot equipped wilh a light, horrs, end pert,. and 
capable of moving in a straight line in the diredion the light is pointing or rotating about 
fts center {tvhero (he pen Is)- Tha pen can either be Up toff Ihp paper), in which 04*0 the 
turtle dies h&t loaVO a (race-whet* it moves,, or down (touching the paper) in -which ca$£ 
the lilrllo draws a line as it moves forward Or 1 backward By expressing himself dearly in 
thu TORTIS language the child can drive the turtle *r«ind Ihe rObm, drive the residents of 
nearby Offices out oF Iheir rooms {by tooting the horn Over and over), draw pictures On 
the .paper or the FFoor, knock over piles of block? scattered around I be room, play mu-slcy 
play jag with another child and furtFe, teach I he turtle bow to negotiate a -maze, Or 
concentrate cm the indirect consequences ot commands such as JFm= pictures of I ho 
commands (hat gel displayed On a screen when buttons are pushed or (he lights that flash 
when the Slot Machine is Operating. 

since learning TOFfTJS is fun, easy, and not (he kind of activity at which ha can bo 

judged as failing, [them are no error messages bocatisO every command is understood by 

/ 

the system end the child fan, proceed al his Own pact) the chiEd should develop a healthy 
altitude towards learning. 

More specifically, there are many new concepts the child can loam with this system. 
Sine a thu turtle only understand* |he cownards ’’forward'' and ’turn* and not rOmm^nij!: or 
tho f orni "go Eli al way" The child has to loom about from-s pF reFeronso find how to 
translate front one frame to another. Wanting to toll the turflu which way to turn will show 
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the child the importance of learn'njl the concepts "r^ght" and "left". When the child si aria 
USiitU numbers) he discover? that time &re smalt and large hUmbers. Many children Knew 
liow To -count and Js,nGw how to say the a 1 pii-al: el, but don't roaliZo- that it i? rrvnre slgnif-itarn 
|hat "Z 1 * comes before than that “6" comes beFore "G H , 

Ire order To solve the simple prGh’ism. of miKing tho turtla go in e direction other (hgn 
the One It is pointing,, the child has lu breah the problem down into smaller* solvable steps, 
a valuable pfoblsm-'&plving technique. This technique is oven mor-e important in larger-sized 
prohlsmSf like the problem of drawing, & tlOUSO or arse’s own name. 

In Order to draw pictures I he child wi I learn geometry, since he- will have to 
discover whet angles the turtle most turn In order to produce the desired cl foot, t-fe may 
discover, especially wilh help, such lads as lhal the Sum of amounts the Turtle turns in 
drawing a p&ly^Qn-type p'eture is cons! an* fa valuable fact lo hnow if one wants to 
Calculate how far to Turn En drawing a regular polygon with a given rrumbEr of sides). 

Tha concept thst one can name a set of commands and use that list of commands 
over and over i& valuable in learning and in expressing Oneself, To figure Out how to draw 
a flower, Tor instance. The child will usually discover that it is easier to toach the turtle to 
draw a petal, name the set of commands thal cause th-i turtle to draw The pelal, and use 
the now command in- 1 he process of drawing a flower. 

The concept of conditionals is easily acquired by "teaching the turtlo” (writing a 
procedure) to w$lh larwird unlit it hi Is the wa':l F in which case il should slop. (The turtle is 
equipped with a touch sensor and it tsn tsSI the computer whether it is Touching 
something), 

Another advanced cOnccpI Ihst may bo accessible to ybur-g children- f& (he concept 
dT variables, quantities !h□! can change in valua, It one uses a variabte as the distance the 
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turtle should travel ferwardj one can change fha size of the picture the turtle draws by 
varying the valtu of the variable. 

]t requires a deeper Understanding or a problem to expIsiP how to -do It to a 
computer than to du it uneselF. If the child teachas the computer how to display s clock 
shebang. & given time, or better yet, display I he current time {it fs possible to find out from 
the system what lime it is) the child will have a more thorough understanding o! how to tell 
time than ho could probably acquire any other way, 

.Drill and prattles programs are OCCiSlonalty useFul For learning something liHe 
arithmetic, however >1 is more fun to tise such a program If one writes It oneself. Drill and 

i 

practice programs are easy to write, and the child will certasrily play with a-ny program he 
writes, tn ordinary computer aided instruction the child has little control over the 
environment, and any of tha worthwhile aspects of the CAl Environment can be duplicated 

by the child In an environment the child controls. 

The most Important thir^ the child learns in an imaginative eompolar rmvlronmont Is 

» fearless, joyful attitude towards teaming. Very Few programs run correctly the first time. 

One Of the most enjoy able activities one engages in when communicating with e computer is 

debugging, finding, pul why Ihs computer misunderstands what you want it Lo do. An 

pnswer on a muttlpls choice lest is either right or wrong* but the wO.-d "wrong” Is 

/ 

meaningless when applied to a computer program. The word ■righl" it almost meaningless 
too, since most programs can bo improved or trade Fancier. The concept ot debugging can 
ba applied to any skill the child wishes to tevn, Eventually tha concept ut "UNing- el an 
activity will bo mueninp.less to the child, if fc 13 not doing the activity as F« wanls, hi will 
try to discover whern tlia bug's are nrvJ correct them. Instead of over [Jiving up, 


Tho Duilon Box 


The Sutton Box !=s th* first part of fh# TCKlTtS erwironment to whsch e chiltt Is 
introduced. It is actually several different boxes of buttons which* plug Inlo each other. 

The design philosophy is lhal the child is presented. wilh only □ few new butTons- al r <? lim«( 
and (except nt the beginning of course) there is always a set of buttons which I ha child 
rosily understands- If he ever tee's overwhelmed by tha new buttons, ho can remove them 
from s^ht (which the chifdren often tfo} by Urtptugging the latest box and hiding si, and pfay 
with (fie part of the environment he Feels he has complete- control over- When- he wants to 
Eearn something now he can £et the next hoxFul of bul tons, with the comforting thought 
that If ho gots confused he can restore the stale 0( the world 
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Tho firs! box fif but tan* is lha "flatten box". Every button corresponds to a possible 
aalian the turtle Cflh perform and when a button is pushed ths turtle immediately responds. 
The buttons are forward* "backward", "rot ito dcskwise (right)' “rot at a counterclockwise 
(left)" "toot y&UI horrT> "put the pert dawn Onto the paper',.'fift the pen oSf the paper , 
"lOrit your light on", and "turn your light off*. Iha number Of dogrcfe-S the turtle turns each 
time ‘"'right" Or "lcft“ is pushed can.be set by the teacher when the system is started. 1 wSB 
pssuttie in this paper that endi turn is S degrees. 


ths set In-n b'jXr 
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The next boa is tho '’number box" ami odds buttons for the numbers from 1 to 10, r 
v/el! as a "stop" button which interrupts the action of the turtle. Pushing a number btiO-r.j 
an action tflmes the action to get performed thnt many limes, Ti e number is no! pushed 
the furtls performs as h store, doing the a:'ion time. 
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the nuiib-sr box : 



The third bo* is She “memory lion" 3t has lour buttons, "star! fetoeoih-erffta", ^stop 
ramsmberina"* "(fa it* and "forgot it” Tho memory bos allows a sat qf commands to be 
Stored and re-EvecLited. It is used with a display, to that (ha child can watch as each 
command gets stored, and can rqter (o the list 35 it gels oxecutad. 

When "atari rflinembering" it pushed, the display scrsan lights up in anticipation or 
direct commands, When the ch"d pushes a button the picture Oh this button ta listed On 
the screen, and the command is executed. 

Pushing "slap rememberirtjj* cou$c& a lino to be drawn below all tho lasted cQmmaods, 
Indicating nothin?, further will be wrilten there (though mOro can be added by pushing 
"start remsmb&ring" again). 

./ ' 

Pushmg "do it" causes the enlir* iis) OF commands on (h$ sertf^n to bo executed in 
order. A box is drown eround the command currently baing executed st» the child C3-0 fqltpw 
along. "Do it" can be used wilh a nu.-v.bor 40 lhal "a d° it* would eouso the screen 
COSiinehds 10 be execuled 3 time?- 

Pushing “forge! El "clears the screen. 
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I use-cf tho bulton bair system wilh around 25 children aged 3 to Is. I learned several 
IrftcroBtiing Ihin^s. 

1} Once 3 ehUd is confusc-d by some-tWing ho ^cts very discOuragod and says, ‘‘that Si too 
hard Cor mo" Or I'm not smarl enough for ihal" bolh Of which are ceri airily attitudes we 
da not w®nt [a CSUSO, SO il is important pot to [jivo the child rt&W but!Ons before ha is 
raady r 

■ : 

2) Some children require constant interaction and suggestions about further things to try 
Or else (hey st^rf doing, One thin® Over and over and ge‘ bored,, 

3 ) The "tool" button is their favorite button. 

A) Many children do not lock at the pictures on the buttons and'discaver to I heir 
amzzerrant after using 9he button bo* qu:!e adeptly fn' several sessions that the pictures 
on the buttons have something |p do with whet action the button causes. 

5 J hfost children have trouble with “Vight" and "leFf". Most pF (he time the children push Orttf 
Of the I wo at random and if it it wrong then push lhe Other One. Seymour Papert ' 
discovered a trick (he children can use to got the correct command. The child look? at tho 
turtle, decides how he wants it to turn and mov&t his finger in a Circle In lhe desired 
diceelion, heaps his finger moving while moving 11 over ha the butlon, and malthas il wilh, 
the proper curved arrow, There is more motivation to gel "forward" and “backward" 
correct the first time becauSs they draw lines and can m 03 E Up a picture. Most children 
eventually Sdapl to lhe turtle's frame Of reference far "Forward” and “backward* though 
almost ell are surprised the first time they push "forward - " wilh lhe turtle lacing them. 

The most important observe! ion was Iha! for (our-ycftr-oSds (he conceptual leap to 
the memory bon is loo targe. Several Tour year old children did manage to use the memory 
bov but they never scorned to completely understand it. There worn thr#£ possible ways 
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I hat fc hoy tiisd il, 

1) “bay undsrsfOGd ?h h t pushing 'slgrt r'th^Jptia’rinj" caused pictures to get displayed On 
the r&CrCirn, much to their delight. They would push "stitft repieinhe-rin£“|. fill the sCftrcn 
with commands, and than push "forgot it' to dear the screen. Whila playing with tht= 
display |h=sy Ignored the turtle completely, as though the two things wore cOmpfetaly 
unrelated 

£) They pushed ’’start reniehriberin 3 “| and Ihar^ ignoring, th&t anything different was 
happening, draw a picture. Then they hit "do it" to get the same picture a^ailx If when 
drawing the picture they had. lor instance, made the turttfe turn the wrong way at first and 
th(?n corrected, or stopped to ms’ne the turtle toot ccuerat times,. Ihey were surprised that 
the turffe did the same thing when drawing the picture the second' lime. En ether words 
they thought tho picture was the procedure as opposed to the sat of commands the turtte 
executed while remembering. While the ciiildren were delighted by qEI Ihs stuff I hot got 
displayed Oil the screen they did not raatiza all those pictures we rO commands Ohd steps in 
the procedure. Even executing the procedure In "slow modo* 1 , where I ho turtle would wait a 
certain amount of time between steps so that the chifd could more readily follow the action, 
d«d r-ot cjUJsO the eh:Id to undorstand. Probably tho turllo, the dfsplny, and the button- bent 
are too many thing-? to Keep track o3 at once. 

31 They pushed sums moving-buttons randomly and then pushed “JO do it" many times, 
reabEEng that 'hat caused prstly patterns White this was a lol of fun, it was more a magic 
mechanical process that somehow treated nitc results a!; opposed to boinj somottiing the 
child knew he wss really control ling. 

In addition to She problem that I ha jump to the memory box is I to large a. conceptual 
leap, Iho bull On box bos thp adtfilionat disadvantage that Ihere is on way to edit 
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procedural, Without the ability ot easy editing the child does not te?rn the heaHliy concept 
that there is no Of "wrong", and that any procedure can be tixed to do what they 

want, end even 0 working procedure can always he improved^ But adding editing commands 
before Ihe child hit mastered the lour memory buttons would overwhelm the child with too 
many hew concepts. To Eix these problems 3 doviied the Slot Wathlrie. 


pace i? 


Tho Slot Machine 

Tbs Machine consists pi several long rechnsuter bosc^Sj called FCW5. Each JOW 
represent a procedure. On tup of thaj row ait slots Fnlo which plastic cards the size or 
cr&dit cards can be placed. Path card has a picturO Do il, representing a command. At tha 
left end of each row is a button, Puling that button causes the commands represented by 
the curds to get executed in order. A light in front of each skit light* up when the card in 
that stot is being executed/ Each rpw Is colored a different color, A SOfid-tO-bred card 
represents a subroutine call to the- r-Ow oF that color. For instance, a red card moans, 'do 
everything in the red row 1 *. 

The advantage of the Slot Machine over thfr memory bo;* o| Ihe Bulton Bo* system is 
that commands are slored by the child, not by s&rne magic that Occurs when it somehow 
enters a different mode. And Ihc problem dF editing goes away completely. If Ihe child 

w»shus to move a command, Or change II, he simply moves or removes the corresponding 
cerd. 

The Stal Machine is a very general purpose device. The language implemented On it 
is easily changed around and experimented with by using a different set of cards (cards 
ere cheap and easy to make) and modifying the program that runs it. For instance, Jesn 
Bamberger's music iyslem iveasy to Implement Each card fan represent a fune block. 

Row* can even bt run simultaneously so Ihat two tunes can bs played in harmony, 

the Slot Ujdhine has jhe same advantage lhaF Fh* button box syMem does, in terms 
Of adding to (hi language In reasonable increment. The child can start Oul with a small Set 
of cards, and be given more cards when he is ready. He doesn't have to use Ihe new cards 
if ho Marts feolinv insecure about not understanding the How pari of I he sysla m. 
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I think it is Important thal tech slot contain rOOnt (nr jin calico command, i.t, 1 wQuId 
POi be happy with the child having jo place- pari oF the command, sny s coocfilLDnal, in One 
slot, and the rest cd the command in the re*! slot, tn- tho lan^uanj; ] c-nvision ior She Slot 
Machine (Only part Ot it is implemented; th ; rest will be implemented alter more is 
observed ah net how children react to whet is there}, there will be three different kinds of 
cards--rtumbef cards, action ceres, and condi tiorval cards. Tho threw kinds of Carets will haoo 
different heights so that ell three pictures can be read when afl three cards arc present in 
o slot. Irv tbs basic languid (what is currently Implemenled} there are action cards 
(picture cards for tho turtle Functions, solid colored cards far subroutine caNs, and end of 
procedure cards) and number cards. 


action cards? 
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Ex&iplflj X 3151 jjpflgrs" t-o Sriv a square end Isot. 




Since a display Is n&t needed to display a listing of programs the chitd has made (as 
is donp with She button box), tha display can ba used t& draw pictures instead of having 
the turtle draw them on the (JoPr. The "display turlJe* is a triangle displayed On a screen 
which Obeys the same commands a? I he Uoor turtle {except it doesn’t heVu a tight or hdrn 
and it understand; Ci-EARSGREEN}, The dispfay lustre Is fttltn' and nOre accurate, and ff 
the child wants to concentrate on drawing pictures (as opposed to knocking over pifts of 
blocks or driving She turtle through a majeJ tho display turtle is much more reasonable to 
work with. 

If the children have no problems with Seaming the basic language, variables will bD 
edded. When the children use variables, an entra display may be used lor (he variables,, or 
a portion of the turtle display can be reserved lor them. Or there tan bo a sped at 
purpose bo* with digital readout for each variable. 





































The way variables wtl! bo imp!smarted is there wiFl be several H3-5J diflerenl shaped 
palyaoes displayed With numbers inside. There will be < ? rds the sFze of number cards with 
each polygon drawn On it. Ihus the command "triangle toot" wourd ma»U 5 Ihe to rile tool its 
hdrn (he number of times indicated inside tho triangle on (he screen. There will be action 
cards with a picture Of a pencil writing inlo one of [Jib polygons. Thus (he command "writo 
into IrianglV wrlta-s the number On the number esrd 1 . or "I" if no number card is used* into 
the triangle Variable. In addition, an action cwd with a picture qf □ triangle with a "plus" 
inside means add the number to the value inside triangle". With variables spirals are easy 
to program, numbers bigger thin "lO" are possible, and arguments tsn bft passed by 
setting the value of » Variants before Calling a procedure that uses it. 

^nijm^TSi if V-nHnbl* ■rar-elt, a-ctian a-nd nunbir cartfit 


meife 



Eh ampin: A 5let hnchSna prnpra.i Vhiehi ^rov; 4 ■sp-l-ral. 
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Jf tli# children still hs^e i» problems Twill fry adding tonditin.-nits, Th^e ^im he 
ccmd<licmal cards far "if the lurtle is hitting something" “if the turlle is not hitting 
anything", "if triangle is O’, and "if triangle Is not 0" {and: similar Ones for tha other 
variabtes). Adding a conditional card fa the command in a slat means thd that command 
should be executad if the conditional is true. 


asifjiflpTfj or eandftlonai cardi! 
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lei 


la 


ExPimfl 1 1 ; A Slot hschfm pr-c-fluhteU hJJ Me turtle tnut and wetk In a different 


df rectt-nn when It hfiti xane tihfnp. 
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In working with the Sid! Machine with children cged d and up t I have disevere d that 
It IS SO easy for then to mate pretty pictures by placing a random collect an gf cards Into 
the raws that Ihtay &efdgm plan □ procedure. The children understand what the system is 
efomg^ because they can explain what is happtranf, and they tan ‘write* a procedure that 
is sped Tied by someone else, but they will net acquire concepts like subprpcedures unless 
(hoy discover the usefulness of the concept in protects they are doing far Ihemsotves, The 
ease dl writing and modifying programs with the Slol Machine is therefore atmost 0 
drawback Also, the stee [imitation of the SEol Machine limits the kind? of projects She child 
Con underlet {lor instance it is probably too small to allow a child Go write a procedure to 
draw the cb ds name Oh the screen}. For this and other reasons it is impOTtont Go design a 
full programming lainguagB Gogelher with a highly Interactive environment Shat would be 
accessible to young ehuttfren to use after the 'Slot Machine, 
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What Dees the ChiSd- Do With the System? 

few I -will relate a typical scenario oF a child’s inleraclion with the syslem over 
several sessions, E*ch session is about an hour long, and the child usually COmOS onoe a 
week For about ten weeks. This isn’t a drary of * specific child, but instead ft a desoriptiam 
of what seems to be typical, based on experiences with many children. 

The first Ihing the child does is inspect the turtle. Then the teacher suggests that 
Ihe child push some buttons and see what they (Jo. The child does this (or H while, and the 
teacher asks the child la verbalize what each button does. H is typical (Or the child So say 
that all four buttons FORWARD, BACKWARDS* WIGHT, and LEFT, "make (he turtle move 1 ", Tbo 
teacher a-sks about how each of those buttons difFer, 

When the child is reasonably comfortable with the box and knows the function of 
each qf the buttons, the teacher starts to suggest project s^ like moving tho turtle to 
different points around the room, knocking Ovor 0 pile of blocks' placed somewhere, or 
parking the turtle under ? chair. When the child seems abte to control tilt turtle, the 
teacher can suggest the ctwld try to ds-aw pictures with the turtle, like a square Or a letter. 
Sometimes the teacher prepares a "connect Iho dots" picture For the child So play with, SO 
that tha child can have a surprise picture when tie is done. 

When tho child It eamforlable wiLh the beginning button box, the number buttons can 
be added. Usually they are introduced wilh the "loot" key, and the child spends, a long time 
pushing various numbers and counting slang to keep the turtle hcnesl. Usually in using 
numbers wilh the mOtiort keys, at First Ihe child either hits h l“ (if he wants a small number) 
Or 1 '10 ri til he wants a large number), When the child starts drafting various projects, ho 
usually starts using the other numbers too. 


PAGE 24 


At this point the -child is ready tor* ;he S-!qI Machine. First the teacher demonstrates 
plating a single card in the Nrsl slot positional a row {and leaves Iho other raws hidden) 
and pushing the button to start execution oi lhe rdw, The child replaces the card with 
other command cards and pushes the button. Then the teacher explains about the ligh' in 
I rent or each slot position, and by using a toot card, and placing, it in different lac aliens in 
|he row, shows how the turtle dbfcS the command when tht= light gels up tb the po-niticui 
where the card is. The child plays with it for awhile, predicting whorl the turtle will toot- 
Then the teacher suggests the child try putting two loot cards somewhere in the rK and 
the child notices how both of them get executed, Then the teacher suggests the child can 
put dilferenl card's In the row and they will all get tiKUled, thfost children do hot need 
this much prompting. It is best if the child worhs completely independently but Iho 
te.Kher is there to explain things if they get coni using, dr suggest projects if thrr child 
cannot think of samelhing ta do.) 

At some point the child will switch over to USi^g the display turtle, since- It is too 
difficult and unrewarding to maha pictures with the real turtle, which is slow and 
Inaccurate, and which obscures the picture it is drawing. The display Turtle is hard to 
understand if presented at the beginning, but once the child understands the other turllo, 
•especially PEhUR and PENPCbVh, the swlleh to a display turtlu is not traumatic. 

NexI tha thdd is giuse number cards, and if he already under?lands numbers on tho 
button boy he will use them easily. The procedure cards are a little more confusing and 
have to be explained. Various games tin be played wilh procedures. Tike having tli5 green 
procedure consist oF 4 TCOT, and having the red procedure consist of 2 GREEN, and ashing 

the child to predict how many times lhe turtle will loot, to this way multiplication is a 

* 

useful end understandable conespt. Recursion seems lo be a confuting concept. Whan Iho 
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children program the procedure to include u GREEN card, For instance, after 
GREEN has been exo-cuted inside oF the green procedure a Few limes, if the child removes 
the GR'EcN card I he Slot Machine will "pop its stack”, executing what rs left of the green 
procedure For each time GREEN was tailed, The children do not understand this, and usually 
just ignore It. 

After o child is this far advanced it Is not unreasonably to start on a moro complete 
language tike Logo,, especially if I he child knows Ihe Slot Machine and Button Uox are 
available to be played with (in ease he gels overwhelmed tor a while). And especially If 
the traditional programming environment is improved wi!h display editors, display 
debuggers,, and pointing devices, the Irans-ilion to it from tho Slot MathiFM)- can- be 


comfortable 


FAGF ?& 


Ido a s Far Future Research 

There are certainly improvemerits (hat can be ntadg to both |he Pulton Bose end I he 
Slot Mathirii, Chilcb&h « young as the Onos that use this system ere not padiOilar1y 
inleres|Ed in- drawing picture.?. MusFc- seem? like it might be a f.ood activity tor children 
that age. Thera are different way* pf implementing music for very young children. One 
obviously bad way is to force them to type in individual notes in something close to musical 
notation, ft belter way is to'use the Slot Machine, and have command cards lor oath note., 
with the number argument used as a duration, or to hava each card be a "tune block' 1 as 
used by Jeanne Bamberger. Another possibility is to have the child "draw” | he tune on a 
display using a pointing device, where the vertical position of a line indicates which pitch is 
to be ptayfrd When the tune is to bo played, the computer wilt scan across the screen at 
an even rate nF speed, playing whatever pitches have poinls at the horizontal position of 
the scan. Pitches can he quantized, so lhat any point wFEhin a certain interval co-rrtsponds 
lo p certain note, or frequency tan vary continuously with vertical position, which woutd 
mahe it harder to wrile specific tunes but would produce interesting eFfects. 

The Slot Machine has the problem I ha! inilially there is so much that |h* child has to 
i:a to g«t the: b, rt!c-- |o e: ji ro.. I a a comm and (lind .• card, pul ■■■, in a position, and pju ,h j 

r 

button} that i| Is sometimes difficult for I hem So understand Enat oach card stands lor some 
specific command. An improvement to the Slot Machine, which might even jnake (he Button 
0cof completely unnecessary, would be io have I he light in front of each slot position bo u 
ligh’ablu pUstibulton instead, such lhal pushing one el Ihc slot pushbuttons would cause 

only the command in that slol position !q gel ojiccuted, but pushing the large button on the- 

1 

Jell of a row would stilt th* enlire- row lo g&! ohc-culcd. This would also enable the 
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commands in I he list and therefore m'nirnire the numbers of characters thfr child has tO 
type. 

If thare i£ a pointing davice available, such as a mQUtO 0/ a light pen, the- syslom c-m 
display the. possible chokes for commands, and She user can paint Id Ihe correct one. If (he 
child cannot read,the commands can bo displayed as pictures. 3F there are too many legal 
commands la fit an the screen, I hey can be grouped under headings such as "music 
commands'' Or Kurile commands", and whan thb IrSGf points In- 0 E rClu P f then the H*l of 
■commands within that group gats displayed. ]f the system keeps track aF wh-at the child has 
typed, it can guess at a subset of commands that Iho child will want to use next. For 
instance, if the child has Just typed 4 command that needs an argument, the fiyslent knows, 
the hast thing, to be typed must he either a number, a variable. Or a function. If the 
system only displays cornmatwis lhal would be legal in that context, the user wilt never 
have syntactic errors. 

En 3 computer linguae tuth as Lisp, where the user is forced lo put parentheses 
everywhere, Ihere is no ambiguity in what is typ^d. But L»$p coda, although easy tor the 
compultt lb is unreadable by hLUWEns, since it is hard to sfcr how the parentheses 
match up, Tn o language like Smalltalk, sllhaugh (hr? code is not Litlerad wilh paronthssns, 1L 
is s|ilP hard for humans to read 1 he code, SOjrrelimeS buca-jS? an expression can he parsed 
in Iwo- different ways (if fhe^Uier is npt familiar with the parsing nlgeriShjnJ, sometimes 
because It is not obvious what words are variables and what are commands., and somelirttes 
For nthar reasons If Ihe system parses the expression 45 Eho user types it <ri, ■' can group 
ETgur. ^nt*. with the colling Junction, dearly separalB commands, and display the program in 
a readable form. IT (here are ambiguities thn user will see hbw the sysSeffi ifilonds tP 
group Ihirigs, end tho user can correcl them if ha tikes. 
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Mast standard odiLors are hard to use, since (he user has to movs around a '’cursor* 
with magic incantations. With a deploy and a pointing device, (he user can point to the 
location he wants to change,, and the change will occur a? he watches, so he will Know 
exactly what ho has done. 

For young chiSdrori especially it is important to display the execution oF a program, 
50 they can see just what the different commands da. Thi* would servo *5 an effective 
debugging aid, but it is important not to display so much information that the user gets 
SWSmped, or £0 little as to liiiss enhbilirg the information the user neEds. There is still a 
lot ot work, lo be done on debuggirvg aids for higher level languages, 

□ccause a system designed for young children will be one that works on minimizing 
the amount Df work [he user must do to get so effect, many Qt the ideas for this system 
cah bo USCfJ for physicJlfy hinditopped people. Wilh some work on input devices for Ihe 
physically handicapped,. a very usable system could be implemented, 

In Eiddilion to work On expanding and imp roving the environment, there i$ a whole 
area of research involving working wilh children wj(h the system, finding difficulties they 
encounter, and either inventing new ways to present the concepts they Find difficult or 
deciding lhal there is some maturing the child meeds in Ordor to gold certain concepts. 
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